We present measurements of the branching fractions for the decays B ± → a 3.4) × 10 −6 with a significance of 3.8σ, where the first error quoted is statistical and the second is systematic.
PACS numbers: 13.25.Hw, 12.39.St, 11.30.Er The rare decays of B mesons to two-body final states with an a 1 (1260) and a π ± , π 0 , K ± or K 0 S are important processes for testing theoretical factorization model predictions for branching fractions, branching fraction ratios and CP -violation parameters. The measurements can be combined with assumptions about SU(3) symmetries to form upper bounds on ∆α =| α − α eff |, where α is the weak interaction phase α ≡ arg [−V td V * tb /V ud V * ub ] of the Unitarity Triangle [1] and α eff is the measured phase. The difference ∆α is a measurement of the poorly known strength of the penguin amplitudes in the decay and can be used to improve our understanding of the CP -violating mechanism.
The rare decays B ± → a The branching fraction for B 0 → a ± 1 π ∓ has been measured to be (33.2 ± 3.8 ± 3.0) × 10 −6 [2] and this agrees well with the calculation of Bauer, Stech and Wirbel [3] within the framework of naive factorization and assuming |V ub /V cb | = 0.08.
A more recent analysis using naive factorization and measured form factors predicts branching fractions in the range (5 − 11) × 10
and (4 − 9) × 10 [4] . Previous measurements have placed 90% confidence level upper limits of 1.7 × 10 −3 and 9 × 10 −4 on the branching fractions for B ± → a ± 1 π 0 and B ± → a 0 1 π ± , respectively [5] , and recently the BABAR collaboration reported the first measurements of the CP-violating asymmetries in the decay B 0 → a ± 1 π ∓ [6] . We present measurements of the branching fractions for the two charmless B meson decays B ± → a ± 1 π 0 and B ± → a 0 1 π ± where the final state contains one neutral and three charged pions. The a 1 → 3π decay proceeds mainly through the intermediate states (ππ) ρ π and (ππ) σ π [7] . We do not distinguish between the dominant P-wave (ππ) ρ and the S-wave (ππ) σ in the channel π + π − . Possible background contributions from B → a 2 (1320)π are investigated. Charge conjugate modes are implied throughout this paper.
The data were collected with the BABAR detector [8] at the PEP-II asymmetric e + e − collider. An integrated luminosity of 211 fb −1 , corresponding to 232 million BB pairs, was recorded at the Υ (4S) resonance ("onresonance") at a center-of-mass (CM) energy √ s = 10.58 GeV. An additional 20 fb −1 were taken about 40 MeV below this energy ("off-resonance") for the study of continuum background in which a charm or lighter quark pair is produced.
Charged particles are detected and their momenta measured by the combination of a silicon vertex tracker, consisting of five layers of double-sided silicon detectors, and a 40-layer central drift chamber, both operating in the 1.5-T magnetic field of a solenoid. The tracking system covers 92% of the solid angle in the CM frame. Charged-particle identification (PID) is provided by the average energy loss (dE/dx) in the tracking devices and by an internally reflecting ring-imaging Cherenkov detector. A K/π separation of better than four standard deviations (σ) is achieved for momenta below 3 GeV/c, decreasing to 2.5σ at the highest momenta in the B decay final states.
The off-resonance data together with the Monte Carlo (MC) simulations of the signal decay modes, continuum, BB backgrounds and detector response [9] are used to establish the event selection criteria and reconstruction efficiency. The MC signal events are simulated as B + decays to a 1 π with a 1 → ρπ. The a 1 and a 2 line shapes are generated with EvtGen [10] , where we use mass and width parameters from Refs. [2] and [7] .
Two 
and energy difference ∆E = E * B − √ s/2, where the subscripts 0 and B refer to the initial Υ (4S) and to the B candidate in the lab-frame, respectively, and the asterisk denotes the Υ (4S) frame. The resolutions in m ES and in ∆E are about 3.0 MeV/c 2 and 20 MeV, respectively. Candidates are required to have 5.25 ≤ m ES ≤ 5.29 GeV/c 2 and |∆E| ≤ 0.2 GeV. To reduce fake B meson candidates we require a B vertex χ 2 probability > 0.01. The absolute value of the cosine of the angle between the direction of the π meson from a 1 → ρπ with respect to the flight direction of the B in the a 1 meson rest frame is required to be less than 0.85 to suppress misreconstructed candidates. The distribution of this variable is flat for signal and peaks near ±1 for misreconstructed candidates.
To reject continuum background, we use the angle θ T between the thrust axis of the B candidate's decay products and that of the rest of the tracks and neutral clusters in the event, calculated in the CM frame. The distribution of cos θ T is sharply peaked near ±1 for combinations drawn from jetlikepairs and is nearly uniform for the isotropic B meson decays; we require | cos θ T | < 0.65.
The decay mode B → a 2 π can also give background contributions. It is suppressed by using the angular variable A, defined as the cosine of the angle between the normal to the plane of the 3π resonance and the flight direction of the bachelor pion evaluated in the 3π resonance rest frame. Since the a 1 and a 2 have spins of 1 and 2, respectively, the distributions of A for these two resonances differ. We require |A| < 0.6, which reduces the a 2 background by more than a factor of two in both decay channels.
After all the above selections, we have on average 1.20 and 1.56 candidates per event in events where there is at least one candidate, for B + → a + 1 π 0 and B + → a 0 1 π + , respectively, and we select the B candidate with the (ππ) mass nearest to the nominal ρ mass [7] . From the simulation, we find that this algorithm selects the correctcombination candidate in B + → a We use an unbinned maximum-likelihood fit using five variables to extract the background and signal yields of
We describe the B decay kinematics with the two variables ∆E and m ES . We also include the invariant mass of the 3π system (m a1 ), the variable A and a Fisher discriminant F . This discriminant combines four variables: the angles with respect to the beam axis of the B momentum and B thrust axis in the CM frame, and the zeroth and second angular moments of the energy flow around the B thrust axis [2] .
The extended likelihood function is
where n j is the yield of events for hypothesis j (signal, a 2 , BB charmless, BB charm or continuum) and N is the number of events in the sample. The probabilities P j are products of probability density functions (PDF) for each of the independent variables x i = {m ES , ∆E, m a1 , F , A} evaluated for each event i. The α j are the parameters of the distributions in x i . By minimizing the quantity − ln L in two separate fits, we determine the yields for
To take into account the relatively large number of misreconstructed signal events, the signal is separated into two components, representing the correctly reconstructed (true) and the self cross-feed (SCF) candidates, with proportions fixed in the fit for each mode. SCF occurs when a track from an a π + , respectively. These are dominated by B → ρρ, B → a 1 ρ and the other B → a 1 π mode under study. The BB charm backgrounds are included as a single hypothesis, with the normalization of the BB charm yield as a free parameter. Continuum events come from light quark production. We establish the functional forms and parameter values of the PDFs for BB charm and BB charmless backgrounds from MC simulations. For continuum, we use off-resonance data for the Fisher, on-resonance data with |∆E| > 0.1 GeV for m ES , and on-resonance data with 5.25 < m ES < 5.27 GeV/c 2 for the other variables. We model the distributions using appropriate functions. The A distributions are modeled with polynomials. For the true signal component, the remaining distributions are fitted using modified Gaussians [11] , and a relativistic Breit-Wigner line-shape with a mass-dependent width [12] , as necessary. The SCF component and the a 2 have similar shapes to the true signal but have broader or more asymmetric distributions and shifted means. The BB backgrounds and continuum distributions are modeled with modified Gaussians, polynomials, nonparametric functions [13] and, for m ES , a phase-space-motivated empirical function [14] . The PDF variables are assumed to be independent except for B + → a 0 1 π + , where a two dimensional nonparametric PDF [13] in m a1 and ∆E accounts for observed correlations in the MC for both true signal events and SCF.
In the fit there are six free parameters: four yields (signal, continuum, a 2 and BB charm background), and two continuum background parameters (∆E polynomial coefficient and m ES shape coefficient ξ [14] ).
For B + → a + 1 π 0 , there are 24608 events in the data sample. We measure the raw signal yield to be 459 ± 78 events with a reconstruction efficiency of 12.5 ± 0.1%, corrected for differences in tracking and neutral particle reconstruction between data and MC. The yield of the decay B + → a + 2 π 0 is 28 ± 65 events. For B + → a 0 1 π + , there are 33375 events in the data sample and we measure the raw signal yield to be 382±79 events with a corrected reconstruction efficiency of 7.2 ± 0.1%. The yield of the decay B + → a 0 2 π + is 107 ± 65 events. We confirm our fitting procedure by generating and fitting MC samples containing signal and background populations using the yields as found from data. We identify a signal yield bias for B + → a of 16.8 ± 0.1% and 10.9 ± 0.1%, respectively. We fit for the branching fractions taking into account the fit-ted signal yield, the yield bias, the corrected reconstruction efficiency, daughter branching fractions, and the number of produced B mesons, assuming equal production rates of B 0 B 0 and B + B − pairs. The statistical significance is taken as the square root of the difference between the value of −2 ln L for zero signal and the value at its minimum. We measure the branching fraction B(B + → a The systematic errors are summarized in Table I . We determine the sensitivity to the parameters of the signal and background PDF components by varying these within their uncertainties. The effect of varying the mass and width of the a 1 by the errors as reported in Ref. [2] is included in the PDF parameters' variation systematic. The uncertainty in the fit bias correction is taken as half of the fit bias correction. The effect of possible interference between a 2 and a 1 is estimated by adding the a 2 and a 1 amplitudes together with a varying phase difference and using half the maximum change in yield as an uncertainty. The uncertainty in SCF is investigated by varying the SCF fraction. We also perform a separate fit treating the SCF as an independent background component. The fitted branching fraction is compatible with the nominal fit within the increased statistical uncertainty, but the statistical significance is reduced to 3.5σ and 3.0σ for B + → a + 1 π 0 and B + → a 0 1 π + , respectively. A systematic uncertainty of 1.6% is estimated for the difference in reconstruction efficiency in the decay modes through the dominant P-wave (ππ) ρ and the Swave (ππ) σ . An error is assigned for the uncertainty in the fixed charmless BB background yields and possible interference effects by varying the individual components by the reported error on the branching fractions [7] . The systematic errors for the flight direction criteria, number of BB pairs, cos θ T selection criteria, track multiplicity, potential backgrounds from ρππ and 4π, and a 1 K crossfeed are small. The total systematic error for both modes is 16%. The significance of the branching fractions, combining both statistical and systematic errors, is 4.2σ for B + → a + 1 π 0 and 3.8σ for B + → a 0 1 π + . In conclusion, we have measured the branching frac- [3] .
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